Background & Aims: Breathlessness is a primary clinical feature of chronic obstructive pulmonary disease (COPD). We aimed to describe the frequency of and factors associated with breathlessness in a cohort of COPD patients identified from the Clinical Practice Research Datalink (CPRD), a general practice electronic medical records database.
Introduction
Dyspnoea or breathlessness is a primary clinical feature of chronic obstructive pulmonary disease (COPD) [1, 2] . Dyspnoea does not have a well-defined or universally accepted definition [3] . The American Thoracic Society defines dyspnoea as ''the subjective experience of breathing discomfort that consists of qualitatively distinct sensations that vary in intensity'' [4] .
Dyspnoea is a distressing symptom, originating from a complex of physiological mechanisms [5] , that significantly contributes to disease burden and poor quality of life [6, 7] . Despite the wide range of available treatments, as many as 50% of patients with COPD continue to experience significant dyspnoea with daily activities [8] [9] [10] [11] [12] . Hyperinflation associated with exertional dyspnoea is thought to develop early in the disease process [1] . Patient-reported dyspnoea progresses despite stable lung function [13] and has been associated with mortality in a severitydependent manner [14] .
Multiple methods for assessing dyspnoea exist, but most have not found a place in daily clinical practice [15] . An exception is the Medical Research Council (MRC) dyspnoea scale, a unidimensional measure of breathlessness related to activities [16] (table 1) . The MRC dyspnoea scale (1-5) is a simple measure of breathlessness associated with exercise [2] and has been used in many studies (for review see reference [17] ). The more widely used version, the modified MRC dyspnoea grade, only differs on the grading (0-4).
Several cross-sectional studies have reported the high prevalence of dyspnoea in populational samples of respondents selfreporting diagnosis of COPD or chronic bronchitis (,70-80% with MRC$1) [18, 19] or with airflow limitation identified using screening with spirometry (49%) [20] . However, there is limited information about the occurrence, distribution and outcomes associated with dyspnoea among patients with diagnosed COPD who are managed in primary care. A cross-sectional study of COPD patients selected from primary care offices in several European countries [9] reported an 80% prevalence of dyspnoea MRC$1; however, these date are from a selective group of patients and it was not possible to show an association with prospectively evaluated outcomes.
To our knowledge, recording of dyspnoea in electronic medical record (EMR) databases has not been reported in patients with COPD. Claims databases created for health insurance billing purposes usually omit symptom recording. EMR databases often employ universally accepted classifications, such as International Classification of Disease codes, but these do not provide standardized methods of symptom recording. Exceptions occur when national guidelines require the collection of such information or where it is collected for specific studies and made more widely available to the research community.
Since April 2004, COPD indicators have been included in the UK National Health Service Quality and Outcomes Framework (QOF) as a part of the General Medical Services contract for general practitioners (GPs). QOF is a voluntary scheme incentivising GP practices to provide high-quality care that is recorded in a standardized reporting system; practices are awarded points according to performance indicators. Since April 2009, the MRC dyspnoea grade has been routinely collected as an indicator in the annual review of patients with COPD [21] [22] [23] .
The aims of the current study were to (1) describe the distribution of MRC dyspnoea grades in a primary care COPD population, (2) evaluate factors associated with reporting of increased dyspnoea in this population, and (3) evaluate any relationships between dyspnoea and future exacerbation frequency over 12 months. 2011). All patients were required to have a minimum of 24 months' COPD history: 12 months before and 12 months after the start of the study period. This COPD patient population represents prevalent COPD patients who consulted with their GP at the start of cohort entry. The first recorded MRC dyspnoea grade during the observation period was used to ascertain dyspnoea.
Methods

COPD Cohort Selection
A subset of patients from this cohort was created for the analysis of factors associated with dyspnoea. Patients were required to have a minimum of 12 months' EMR data available before and after the first MRC dyspnoea grade recorded after April 1 2009 or cohort entry date if this was later (i.e. no censoring was allowed for the 12 months following cohort entry). The study period for this analysis was from the date of the first MRC dyspnoea grade; the covariates were derived in relationship to this re-defined observation period start.
Dyspnoea Assessment
Dyspnoea was assessed using recorded MRC dyspnoea grade routinely collected in general practice as a COPD disease indicator (table 1) [16] . The indicator, QOF COPD 13, requires participating practices to record ''The percentage of patients with COPD who have had a review, undertaken by a healthcare professional, including an assessment of breathlessness using the MRC dyspnoea grade in the preceding 15 months'' [21] . Dyspnoea grade should be collected during an annual COPD review, when a patient is presumably in stable state. However, due to the nature of this analysis, using retrospective non-interventional data from an electronic medical records database, we were not able to standardize the administration of the scale.
MRC dyspnoea grade 1 is defined as no breathlessness, grade 2 as mild dyspnoea and $grade 3 as, in agreement with published literature [2] , moderate-to-severe or clinically significant dys- pnoea. The more widely used version, the modified MRC (mMRC) dyspnoea grade, only differs on the grading (0-4) with MRC grade 1 equal to mMRC grade of 0.
A feasibility study was conducted to provide information on the use of MRC grades to record information on dyspnoea in this database.
Other Assessments
Information was also extracted for age, gender, smoking status, body mass index (BMI; or imputed using the latest height and weight measurements where BMI data were not recorded) and FEV 1 percent predicted assessment with the closest date to observation period start. COPD severity was categorized according to the Global Initiative for Obstructive Lung Disease (GOLD) 2006 stage classification based on the level of airflow obstruction [25] . Due to the nature of data retrieved from the database, we were not able to ascertain whether only post-bronchodilator spirometry data were recorded. Hence, we created modified categories of airflow limitation severity, using cut points of FEV 1 $80% predicted for mild (Stage I), $50% to ,80% FEV 1 predicted for moderate (Stage II), $30% to ,50% FEV 1 predicted for severe (Stage III), and .30% FEV 1 predicted for very severe level of airflow limitation (Stage IV).
Records of comorbidities were retrieved for any time before the study start and were described (a) using the Charlson comorbidity index [26] and (b) by frequency of key individual comorbidities, including those listed in the comorbidity index and also depression, anxiety and asthma.
Data were extracted for frequency of prescription treatment for COPD from 12 months before study start. Patients with one or more record for a medication in a therapeutic class were Table 3 . Comorbidities and respiratory medications in the total COPD cohort (at study start) further split by the MRC dyspnoea grade (first recorded from study start). considered users, except for oral corticosteroids for which four or more prescriptions within 12 months was considered regular use (as opposed to acute use for COPD exacerbations). Data on the number of all general practice healthcare utilizations for any reason in the 12 months before study start was collected and standardized per 365.25 days. The total number of GP office visits was used as a covariate in multivariate models.
Data on moderate-to-severe COPD exacerbations from 12 months before and 12 months after study start were collected. Hospital admissions or emergency room visits for COPD were considered as severe exacerbations. Moderate exacerbations were defined as either a record of a diagnosis of exacerbation, or management with selected antibiotics and oral corticosteroids coprescribed within 5 days.
Statistical Analysis
Characteristics of COPD patients by dyspnoea grade were tabulated. Bivariate relationships between MRC dyspnoea grade were evaluated (a) using the Cochran-Mantel-Haenszel test (for categorical or ordinal variables), (b) using polyserial correlations (for continuous variables), or (c) using negative binomial modeling with exacerbation frequency as the predictor variable while controlling for the age and gender to assess a relationship with count data. The correlation between airflow limitation and MRC dyspnoea grade was evaluated using the Pearson correlation coefficient.
Independent associations with dyspnoea grades were assessed with stepwise multivariate multinomial logistic regression for the simultaneous comparisons of (a) MRC = 1 vs MRC = 2, (b) MRC = 1 vs MRC$3, and (c) MRC = 2 vs MRC$3 (PROC CATMOD); binary logistic regression for the secondary model (MRC = 1 or MRC = 2) vs MRC$3 (PROC LOGISTIC) was used. Negative binomial modelling, adjusted for multiple characteristics (age, gender, BMI, GOLD stage, history of comorbidities, prior history of COPD exacerbations, prior contacts with GP), was used to evaluate a relationship between dyspnoea (MRC grades 1, 2 and $3) and COPD exacerbations during the 12 months' follow-up. Similar models were further split by GOLD stage. Statistical analyses were performed using SAS software, version 9.1 (SAS Institute, Cary, North Carolina, USA). All statistical tests were 2-sided, and p,0.05 was considered statistically significant.
Results
Characteristics of COPD Patients with Dyspnoea
The total cohort comprised 49,438 patients with COPD across all stages of airflow limitation severity (fig. 1) ; the mean (standard deviation) age was 69.2 (10.3) years, 46% were females and 33% were current smokers (table 2) .
Among 40,425 patients (82% of the total cohort) with at least one MRC dyspnoea grade recorded during the study period, mild dyspnoea (MRC = 2; equal to mMRC 1) was the most frequently reported single grade (38%); 44% of patients were classified as having moderate-to-severe dyspnoea (MRC$3, equal to mMRC$2) ( fig. 2) . Patients with MRC$3, compared with those with mild dyspnoea (MRC = 2, equal to mMRC = 1) or those with absence of dyspnoea record (MRC = 1, equal to mMRC = 0), were older (mean age: 70.7 vs 67.8 years, p,0.001), more often female (48% vs 44%, p,0.001), had worse lung function (FEV 1 ,50% predicted: 44% vs 23%, p,0.001), had more comorbidities, including heart failure (10% vs 5%, p,0.001) and were more intensively treated with COPD medications. Patients with MRC$3 were also more frequently treated for COPD exacerbations in the past year (1.0 vs. 0.6 events per person per year, p,0.001). Patients with mild dyspnoea (MRC = 2) exhibited more disease burden and higher frequency of comorbidities compared with patients with absence of dyspnoea (MRC = 1) (see tables 2 and 3, also include significance testing for trends across dyspnoea grades).
Dyspnoea severity increased with increasing severity of airflow limitation (fig. 3) ; however, the overall relationship was weak (Pearson r = -0.28) (fig. 4 ).
Determinants and Outcomes Associated with Level of Dyspnoea
The determinants of MRC dyspnoea grade and its relationship with COPD exacerbations recorded during 12 months' followup(following a record of MRC dyspnoea grade) was examined in a subgroup of patients with a minimum of 12 months' history before and after the first recorded MRC dyspnoea grade. The subgroup comprised 38,256 patients with COPD with the same characteristics as the overall cohort. Factors associated with the increasing level of dyspnoea are shown in table 4. The risk of higher dyspnoea grade increased most noticeably with increasing severity of airflow limitation. In addition, dyspnoea was increased in those with high BMI (BMI $30), females and with a past history of moderate-to-severe COPD exacerbations (odds ratio [OR], 95% confidence interval [CI]: 1.44, 1.37-1.51 for MRC$3 vs MRC = 1 and 1.13, 1.07-1.18 for MRC = 2 vs MRC = 1). A higher risk of more severe dyspnoea was associated with most comorbid diagnoses. A diagnosis of heart failure presented with the most consistent pattern and highest risk across dyspnoea grades (OR, 95% CI: 1.32, 1.22-1.43 for MRC$3 vs MRC = 1). Significant differences were observed between the three pre-defined comparisons, indicating separation between mild dyspnoea and no dyspnoea (MRC = 1 vs MRC = 2) and mild dyspnoea and moderate-tosevere dyspnoea (MRC = 2 vs MRC$3).
Determinants of dyspnoea grade were further assessed in models split by stage of airflow limitation. Associations similar to the main model were observed; prior history of COPD exacer- bations was associated with increased dyspnoea grade, including mild dyspnoea, in each stage of airflow limitation (data not shown). Table 5 shows frequency and rate of exacerbations during the 12 months' follow-up by dyspnoea grade. Exacerbation rate per person-year increased with increasing level of dyspnoea (p,0.001). Similarly, at least one moderate-to-severe exacerbation was identified in 33% patients with MRC = 1 (no dyspnea), increasing to 67% for patients with MRC = 5. Similarly, for severe exacerbations, at least one event occurred in 7% of patients with MRC = 1 (no dyspnoea), increasing to 24% in patients with MRC = 5.
In the multivariate model (Table 6 ), dyspnoea grade was significantly associated with moderate-to-severe exacerbation rate during follow-up after controlling for demographic and clinical characteristics, producing increased risks of 18% for mild dyspnoea (MRC = 2: OR, 95% CI: 1.18, 1.13-1.23) and 46% for MRC$3 (moderate-to-severe dyspnoea: OR, 95% CI: 1.46, 1.40-1.52), compared with MRC = 1 (no dyspnoea).
Discussion
The Quality Outcomes Framework (QOF) introduced recording of the MRC dyspnoea grade as an indicator of care for patients with COPD in the NHS (England and Wales) in April 2009 [9] . Our COPD cohort of about 50,000 patients with COPD, selected from a general practice database representative of the UK, shows a rapid uptake of recording of dyspnoea in the study period starting on April 1, 2009, with about 82% of patients with diagnosed COPD having at least one record of MRC grade recorded.
Dyspnoea was recorded for the majority of the patients with about 40% reporting moderate or severe dyspnoea (MRC$3, equal to mMRC$2). This finding corresponds with results from observational studies conducted in Europe and the US, involving selective populations of COPD patients recruited from primary care, that the majority of patients reported at least mild perception of dyspnoea [8, 9] . Dyspnoea in COPD patients is excessive compared with the general population, in which moderate-tosevere dyspnoea has been reported to be 6% in people aged 20-65 years [14] and about 30% in those aged 65 years and older [27] .
Increasing levels of dyspnoea were associated with higher disease severity and increased risk of poor outcomes. Patients reporting mild dyspnoea (MRC = 2, equal to mMRC 1) were distinct from patients reporting no dyspnoea (MRC = 1, equal to mMRC 0) or moderate-to-severe dyspnoea (MRC$3) on both the association with risk factors and with outcomes. Even a mild grade of dyspnoea was an independent marker of an increased risk of moderate-to-severe exacerbations, a finding that is, to our knowledge, a new observation. The large COPD cohort size enabled us to discriminate patients' characteristics and outcomes between pre-specified levels of absence of dyspnoea, mild dyspnoea, and moderate-to-severe dyspnoea. Bestall and colleagues coined the term 'clinically significant dyspnoea' for MRC$3 [2] . They established dyspnoea as a cardinal symptom of COPD and described a relationship between increasing dyspnoea grade and COPD characteristics, although their study did not evaluate patients with no or mild dyspnoea (MRC = 1 or 2). Past studies have often merged mMRC grades 0 and 1 (equal to MRC grades 1 and 2) and labelled them as 'no dyspnoea'. Our study, aided by its size and focus on pre-defined cut points of mild and moderate-to-severe dyspnoea, has demonstrated a distinct category of patients reporting mild dyspnoea on exertion (MRC = 2).
Dyspnoea was highly prevalent across all stages of airflow limitation in our study cohort. This observation is in agreement with previously published observational studies showing a consistent, though not very strong, relationship between dyspnoea and airflow limitation [9, 28] . Furthermore, it was shown that the progression of dyspnoea was dissociated from changes in FEV 1 , indicating the complex relationship between airflow limitation and dyspnoea [13, 29] . However, it is worth noting that dyspnoea itself is a complex and highly subjective trait, as described in a number of studies. Dynamic hyperinflation had been shown to contribute to the perception of exertional dyspnoea [30] and extensive disruptions in pulmonary gas exchange and small airway dysfunction leading into dynamic hyperinflation have been associated with exercise-related dyspnoea in mild airway obstruction (by FEV 1 criteria [31] ). Dynamic hyperinflation parameters, e.g. total lung capacity (TLC) and inspiratory capacity (IC), were shown to have a strong relationship with exercise-related dyspnoea [27, 31, 32] . Finally, acute administration of inhaled bronchodilators leads, among else, to reduction of dynamic hyperinflation, which has been linked to significant improvements in exerciserelated dyspnoea [33] . The CPRD population source database used in this study contains records of FVC, which can indirectly approximate lung hyperventilation [34] , but only in a subset of patients (N,20,520), representing about a half of the total cohort. Therefore, we did not include FVC in the main analysis. When evaluating a relationship of dyspnoea grade and FVC in this sub-sample we observed a moderate correlation (Pearson r = -0.303), which corresponds with prior observations of O'Donnell and colleagues of a weak association of exercise tolerance and FVC [35] . As indirect, spirometrically derived assessments of lung hyperinflation do not allow the presence of a concomitant restrictive ventilatory deficit to be excluded, the inclusion of FVC may not enhance our results substantially. Finally, although the overall airflow limitation relationship with dyspnoea was only moderate in the multivariate analysis, more advanced stages of airflow limitation (FEV 1 ,50% predicted) were the most significant determinant of higher dyspnoea grades, findings which also reflect the dissociation between dyspnoea and severity of COPD as assessed spirometrically (based on FEV 1 ).
More severe dyspnoea was reported by females, smokers, the elderly, the obese, and those with a diagnosis of heart failure and past history of COPD exacerbations. The majority of these findings have been already communicated in previous reports [27, 36] . The relationship between dyspnoea and BMI resembled a U-shaped curve with underweight, normal weight, and obese patients reporting more dyspnoea than overweight patients (Table 4, fig. 5 ). There is an anecdotic evidence of underweight being associated with exercise related dyspnoea in COPD patients [37] . Reduced carbon monoxide diffusing capacity (DCO) and respiratory muscle strength are, at least in part, responsible for the enhanced sensation of dyspnoea in underweight emphysematous patients [37] . It is important to consider whether comorbid cardiovascular conditions can also contribute to dyspnoea in patients with COPD, highlighting the need for comprehensive management of chronic diseases in this population [38] . Dyspnoea has not only been associated with COPD, but is also one of the major symptoms of cardiac diseases. Indeed, we observed that the presence of heart failure was associated with an increased risk of dyspnoea. We also demonstrated a relatively small, but consistent increase in dyspnoea risk associated with most other comorbid diseases in the analysis.
Dyspnoea, both moderate-to-severe (MRC$3) and mild (MRC = 2), was an independent predictor of exacerbation frequency during the 12-month observation period. The association between increased dyspnoea in patients reporting COPD exacerbations can be explained, at least in part, by the acceleration of disease progression associated with repeated exacerbations [39;40] . Despite indication of dyspnoea being an independent predictor of future exacerbations, it is also possible that the strongest predictor, which was the past history of exacerbations could have determined the relationship between dyspnoea and prospective exacerbations. Another possible mechanism can be related to increased hyperinflation and gas trapping, with reduced expiratory flow during exacerbations, leading to increased perception of dyspnoea [1, 30] .
The strengths of this study include its size and the representativeness of the cohort to the diagnosed and managed COPD population in the UK. We identified almost 50,000 patients with well-characterized disease in primary care with a wide spectrum of disease severity as defined by airflow limitation, exacerbation frequency (or lack of exacerbations) and dyspnoea grade. Assessment of dyspnoea and spirometry were conducted as part of routine care.
Potential limitations of this study include the research focus of the database. As CPRD is a research database, GPs are aware that their data contribute to medical research. This influences both clinical behaviour and record management, and may not represent the general patient population treated by GPs who are not as motivated to participate in research. We also do not know if general practices compliant with QOF, measuring both FEV 1 and MRC grade, are selecting participating patients in any way, e.g. according to disease severity. Further, we only selected patients with a recent diagnosis of COPD and with lung function measurements. Thus, our population may be skewed to those patients whose disease is actively managed. By applying this limitation, however, we were able to evaluate a relationship between dyspnoea and airflow limitation. In addition, the act of recording COPD diagnosis, dyspnoea and FEV 1 can be a source of limitation as little is known about the quality of recording. The COPD diagnosis medical codes were validated in the study by Soriano and colleagues [41] , but some codes have since been updated, reflecting the changes in the CPRD dictionary. Concerns about validity of spirometry conduct and utilization in patient care were recently raised in a study conducted in England [42] . The recording of dyspnoea severity, which is also a recommended component of a routine patient annual assessment, also relies on the quality of administration of the instrument and recording in a primary care setting. In addition, we cannot exclude the possibility that some patients may have their MRC grade impacted by a recent exacerbation. We did not measure a time from the last exacerbation to the dyspnoea code record used in this analysis because the exact timing of the start and end of exacerbation episodes have been modelled based on a priori assumptions, rather than observed and recorded in the database.
In conclusion, dyspnoea on exertion is commonly reported by patients across all levels of airflow limitation. The presence of dyspnoea in patients with COPD was associated with markers of greater disease severity and increased risk of poor outcomes.
